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RESEARCH QUESTIONS

•There is overwhelming evidence that 

obesity is strongly associated with type 2 

diabetes mellitus (T2DM)

•Which is the better predictor of Type 2 

diabetes, WC or BMI?

•What is the shape of the relation?

•Is the association the same in different 

populations?

•Is the association the same in different age 

groups, and for both sexes?

PROTOCOL

Multinational collaborative project

Inclusion criteria

Baseline glucose measurements (fasting 

glucose and/or oral glucose tolerance test) or 

incident diabetes

Baseline measurement of abdominal obesity



METHODS

Analyses restricted to studies with information on 

both WC and BMI (values > +4 SDs from the 

mean in each study were removed)

Age range restricted to > 18 years at baseline

Age- and sex-specific analyses used generalized 

linear mixed models, with random effects

METHODS

•Age- and sex-adjusted risk ratios for diabetes were 

predicted from BMI and WC

•Single parameter models:

–Logistic regression model for baseline data

–Proportional hazards regression model for follow-up 

data

–Estimated absolute risk curves

•Multi-parameter models:

–Logistic or Poisson predicted in 9 categories

–Potential bias because each parameter mixes 

studies differently

Diabetes outcomes (prevalent or incident)

ADA definition 2003 (FPG 126 mg/dl)

WHO definition 1999 (FPG 126 mg/dl or 

plasma glucose 200 mg/dl 2-h OGTT) 

Self-reported diabetes (medication, physician 

diagnosis, etc.)

Medication per registry

Newly diagnosed diabetes: ADA or WHO minus self-

report
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Note: CARDIA incident DM rate per 10,000 based on objective measures (fasting glucose >= 126 mg/dL or meds) = 24.6
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NEWLY-DIAGNOSED ADA DIABETES 

predicted from Waist Circumference

Logistic model / cross-section

Odds ratio per 1 SD
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SD of WC=13.8

OR (95% CI) =2.21 

(1.98-2.46)

Test for heterogeneity: 

2=239.5, df=27, p<0.001
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OR (95% CI) =1.93 

(1.77-2.11)

Test for heterogeneity: 

2=211.8, df=27, p<0.001

NEWLY-DIAGNOSED ADA DIABETES 

predicted from BMI

Logistic model / cross-section

Hazard ratio per 1 SD
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INCIDENT DIABETES predicted from 

Waist Circumference

Proportional hazards model / prospective

Note: CARDIA HR per 1 SD for objective 

measure of DM was 2.6 (95%CI: 2.3 to 2.9)



Hazard ratio per 1 SD
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SD of BMI=4.6

HR (95% CI) =1.84 

(1.68-2.02)

Test for heterogeneity: 

2=445.0, df=20, p<0.001

INCIDENT DIABETES predicted from BMI

Proportional hazards model / prospective

Note: CARDIA HR per 1 SD for objective 

measure of DM was 1.95 (95%CI: 1.8 to 2.1)

Pooled estimates for BMI and WC association for newly diagnosed 

and incident diabetes stratified by age group and gender
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BMI (kg/m2) distribution
N computed for centers including newly diagnosed 
diabetes outcome
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WC (cm) distribution
N computed for centers with newly diagnosed 
diabetes outcome
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WAIST CIRCUMFERENCE
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Absolute % with newly diagnosed ADA diabetes: 

comparison of single parameter and multi-parameter 

logistic models
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Absolute % with incident diabetes: comparison of single 

parameter and multi-parameter proportional hazards models
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CONCLUSIONS

Motivation for problem

Various evidence suggests that visceral fat is a stronger 
predictor of diabetes than is subcutaneous fat

It would be desirable for screening and prediction to use a 
measure of obesity that is more specific to visceral fat

Waist circumference is a reasonable candidate, perhaps 
modified for frame size by height or hip circumference, while 
BMI intuitively relates to fat generally.

However, the correlation between waist and BMI is about 0.8

Therefore we ask:

Empirically, does waist offer an improvement over BMI in 
prediction of diabetes?



CONCLUSIONS

Waist circumference and BMI are both strongly and consistently 
related to diabetes risk

The association is largely similar using

newly diagnosed ADA

incident diabetes

total prevalence (data not shown)

newly diagnosed WHO criterion diabetes (data not shown)

Even modest overweight is associated with increased risk

Smooth gradient: multi-parameter and single parameter 
solutions similar (flattening at top end of obesity indicator due 
to measurement limitations)

Using several different analytic techniques, waist circumference
is consistently a slightly better predictor of risk diabetes than 
BMI (note slight attenuation due to differences in waist protocol)

Negligible improvement using height, hip or transforms in model

CONCLUSIONS

Statistically significant heterogeneity between studies

Risk gradients similar for men and women, slightly stronger at 
older ages

Diabetes prevalence or incidence in the population is inversely 
related to the diabetes-obesity association, and explain part of 
the heterogeneity 

The answer to the motivating question is “no”, waist does not 
appear to offer substantial advantages over BMI; the two are 
almost interchangeable in diabetes prediction.  Whether there is
an interaction between BMI and waist (waist predicts differently
for small than large BMI) has not been investigated. 
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